Abstract: We experimentally demonstrate dispersive optical shock waves in 1D and 2D, characterize their nonlinear properties, and observe the complex interactions when two such shocks collide. Dispersive shock waves arise from nonlinear wave breaking and mode dispersion, and are a fundamental type of fluid/wave behavior. Fronts are characterized by oscillations, which are damped in most systems due to dissipation (e.g. viscosity). In systems where viscosity can be neglected, such as BEC and superfluids, dispersive shock waves are the dominant form. In the nonlinear optics system considered here, coherent light propagates dispersively without dissipation; moreover such dispersion can be enhanced by nonlinearity in the medium. We experimentally demonstrate dispersive spatial shock waves [1], characterize their nonlinear properties, and observe collisions between two such shocks. Experiments were performed using 532nm laser light projected into an 8x8x8mm SBN:75 photorefractive crystal. The beam is split using a Mach-Zehnder interferometer: A weak plane wave in one of the arms serves as the low-intensity background, while the central intensity hump is formed by using a lens in the other arm to superimpose a 1D Gaussian hump. A self-defocusing nonlinearity is created by applying a voltage bias of -500V across the crystal and taking advantage of the photorefractive screening effect. At the exit face of the crystal, the output beam is imaged into two CCD cameras: one to measure the output intensity and one to measure the Fourier In Fig. 1 , several types of shock collision are shown. Figs. 1a-c show, respectively, output profiles when the itial humps are separated by 500, 200, and 50μm. In Fig. 1a , the shocks do not intersect over the crystal length and therefore show individual profiles), while in Fig. 1b the initial condition is chosen so that the waves do not tersect in the linear case but do overlap in the nonlinear case. Despite the low intensity in the leading edges, the rofile shows that shock collision is an inherently nonlinear process. As shown in Fig. 1b , the collision region has 1) lower maximum intensity than the expected 4x gain of linear superposition, 2) an internal period of 7μm, ignificantly more than the 5μm expected from a linear sum of 10μm tails, 3) a narrower width than that of the vidual fronts, and 4) a more regular period than the individual tails. The first two characteristics are a direct esult of the defocusing (repulsive) nonlinearity, while the last two involve details of nonlinearly interacting waves at are still being explored. Four-wave mixing effects are particularly relevant here, but the dynamics are 
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Power spectra of 1D shock interactions, obtained by performing on optical Fourier transform on the output profiles, are shown in Fig. 1d-f . The shock spectrum consists of a broad range of spatial frequencies, with two spectral holes appearing in between (obvious in Fig1d). These holes create two distinct spectral regions, or humps, on either side of the central peak. The inner regions are large-scale modulations resulting from the initial splitting of the hump, while the outer tail regions result from wave steepening and the nonlinear generation of dispersive waves (much like the broad spectrum in supercontinuum generation [4] ). As the initial beams are brought closer together ( Fig. 1b-c ) , the fronts will overlap and interact with each other during propagation. In terms of the spectral energy density, there will be a power transfer between the two regions highlighted in Fig. 1d . Difference frequencies in the (small-scale) tails will transfer energy back to the large-scale humps. (Due to the broad background, the power within the central peak stays relatively constant.) As shown in Fig. 1g , there is a maximal amount of (integrated) energy transfer as a function of initial shock separation, occurring at a distance which corresponds with the front width. For closer initial separations, the double-front shock of Fig. 1f is formed; in this case, the tails do not have time to form initially, so the interaction results in energy transfer from the large-scale humps to smaller-scale waves.
In higher-dimensional collisions, wavefront geometry becomes a significant factor. Figure 2 shows experimental results of 2D shock interactions along with simulation results from a spli E t-step Fourier beam agation code. In the collision of two equal circular shocks (Figs. 2c,d ), the ripples penetrating each ring are straight, rather than the circles expected from a linear superposition (e.g. drops in a pond). Again, this is due to the nonlinear Huygens' principle: the two intersecting arcs originally superimpose to form a straight front, which then acts as a source for quasi-1D shock waves. Note also that the central "peak" has split into two due to the self-defocusing nonlinearity. Similar wavefront distortions occur in the 1D-on-2D collision (Figs. 2e,f) . The right-moving shocks have a weaker curvature than they started with (compare with the undisturbed rings on the left), while the left-moving shocks have a concave front. This type of curvature would normally create a lensing effect, but the defocusing nonlinearity provides a competing force. 
